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To see a world in a grain of sand 
And a heaven in a wild flower 
Hold infinity in the palm of your hand 





A starlit or a moonlit dome disdains 
All that man is; 
All mere complexities, 














Background: Psychiatry has strived to identify biomarkers elucidating the 
underlying biological mechanisms behind different disorders, to help in 
diagnostics and to assess treatment effects. In forensic psychiatric 
populations, findings have connected levels of cerebrospinal fluid (CSF) 
monoamine metabolites and blood-brain barrier (BBB) integrity with 
impulsivity and aggression. Other biomarkers, like insulin, inflammatory 
mediators, and different markers for neuronal and astroglial integrity have 
been studied in connection with cognition and psychiatric disorders but to a 
lesser degree in relationship to personality traits. Aim: The overall aims were 
to establish links between CSF markers for monoamine activity, BBB 
integrity, hormones, inflammation and neuronal and astroglial integrity, and 
aggressive and impulsive personality traits in a group of persons without 
psychiatric disorders, and to describe the distribution and dynamics of new 
biomarkers. Methods: Serum and CSF samples were collected before, three 
hours after, and on the morning following arthroplastic knee surgery in 35 
patients who had completed two personality questionnaires, the Temperament 
and Character Inventory and the Karolinska Scales of Personality. Results: 
The CSF Homovanillic Acid/5-hydroxyindoleacetic Acid ratio correlated 
negatively with Cooperativeness. Beta-trace protein, as a marker of BBB 
dysfunction, correlated positively with Monotony Avoidance and 
Impulsiveness. Positive correlations were observed between CSF interleukin 
(IL)-10 and Verbal Aggression and between Self-Directedness, serum IL-10, 
and interferon-γ. CSF IL-10 correlated negatively with Inhibited Aggression, 
and CSF cortisol with Novelty Seeking. No correlations were detected 
between aggressive and impulsive personality traits and CSF levels of 
insulin, thyroid hormone, astroglial or neuronal integrity markers, or 
CSF/serum albumin ratio. Levels of CSF cytokines were markedly increased 
during and after the intervention compared to serum. Insulin levels in the 
brain seemed to be regulated differently from in the periphery, and modest 
increases in total-Tau were observed during surgery. Conclusion: Some 
aggressive and impulsive personality traits in non-disordered persons co-vary 
with various CSF biomarkers indicating lack of serotonergic control over 
dopamine signaling, decreased BBB integrity and inflammation.  
Keywords: personality, cytokine, inflammation, insulin, impulsivity, 
aggression, blood-brain barrier 
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SAMMANFATTNING PÅ SVENSKA 
Alltsedan psykiatrin började räknas som ett eget vetenskapligt fält har man 
strävat efter att identifiera tydliga och användbara biologiska markörer för 
olika beteenden och psykiatriska sjukdomar. Man har både velat hitta de 
biologiska mekanismerna bakom olika tillstånd och finna möjligheter för 
förbättrad diagnostik. Inom rättspsykiatrin har man särskilt riktat in sig på att 
identifiera biomarkörer för att förutse våldsbrott och även för att kunna 
förhindra återfall i våldsamt beteende. Genom åren har många markörer 
undersökts, från förekomst av en extra Y-kromosom till aktivitetsnivå i olika 
delar av hjärnan. I studier på rättspsykiatriska klienter har man under senare 
år funnit samband mellan impulsivt och aggressivt beteende och nivåer i 
ryggmärgsvätska av nedbrytningsprodukter av signalsubstanserna serotonin 
och dopamin, samt med tecken på blod-hjärnbarriärskada. För att ytterligare 
kunna belysa eventuella samband mellan personlighetsdrag, beteende och 
biomarkörer finns det dock ett behov av att studera dessa hos normala, icke 
våldsamma personer utan psykiatrisk problematik.  
I denna avhandling undersöks eventuella samband mellan nivåer av 
nedbrytningsprodukter av signalsubstanser, markörer för blod-
hjärnbarriärfunktion, hormoner, inflammatoriska ämnen (kortisol samt så 
kallade cytokiner), samt ämnen kända för att öka vid nervcellsskada och olika 
aggressiva och impulsiva personlighetsdrag hos en grupp personer utan känd 
psykiatrisk sjuklighet. Trettiofem personer som skulle genomgå en 
knäprotesoperation fick fylla i två personlighetsformulär före operationen, 
och prov på serum och ryggmärgsvätska togs sedan före, direkt efter och 
morgonen efter ingreppet. Vi fann flera samband mellan impulsiva och 
aggressiva personlighetsdrag och halten av olika cytokiner samt med kvoten 
mellan nedbrytningsprodukter av dopamin respektive serotonin i 
ryggmärgsvätska. Halten av ett ämne, beta-trace protein, som har visat sig ha 
samband med blod-hjärnbarriärfunktion, korrelerade också med impulsiva 
drag. Det visade sig också att nivåerna av flera cytokiner var förhöjda i 
ryggmärgsvätskan efter operation i högre grad än i perifert blod. En 
undergrupp av patienter visade sig också ha en mycket kraftigare stegring av 
halten av cytokiner än de övriga. Nivåerna av hormonet insulin i 
ryggmärgsvätska visade sig vara oberoende av nivåerna i perifert blod.  
Viktigt är dock att notera att den aktuella studien inte har någon 
kontrollgrupp och alltså får ses som strikt deskriptiv. För att bekräfta 
eventuella orsakssamband skulle det krävas djurstudier och kvasi-
experimentella kliniska studier med kontrollgrupp.  
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Resultaten i denna avhandling kan förhoppningsvis bidra till att öka 
förståelsen för hur personlighet och immunförsvar, hormonnivåer samt 
markörer för skada på det centrala nervsystemet hör ihop. Om än resultaten är 
på en mycket basal nivå, kan de stå till grund för vidare studier. 
Förhoppningsvis kan sådana leda till utvecklingen av nya 
behandlingsmöjligheter för till exempel aggressivt beteende respektive 
postoperativa komplikationer såsom konfusion och depression.  
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5-HIAA 5-hydroxyindoleacetic Acid 
5-HT 5-hydroxytryptamine (serotonin) 
A Amyloid beta, 42 amino acid form 
AD/HD Attention Deficit/Hyperactivity Disorder 
BBB Blood-brain Barrier 
BMI Body Mass Index 
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CRP C-reactive Protein 
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HMPG 3-hydroxy-4-metoxyphelylglucol 
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HVA Homovanillic Acid 
IFN- Interferon-gamma 
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NMDA N-methyl-D-aspartate 
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P-Tau Phosphorylated Tau protein 
SD Standard Deviation 
SSP Swedish universities Scales of Personality 
T3 Triiodothyronine 
T4 Thyroxine 
TCI Temperament and Character Inventory 
T-Tau Total Tau protein 
TNF Tumor Necrosis Factor 












Since the first days of psychiatry as a scientific field, investigators have been 
eager to identify clear, useful biomarkers for different behaviours and 
psychiatric conditions. The aim of biomarker research has been to clarify the 
underlying biological mechanisms and to find diagnostic markers for 
developing stricter definitions for different disorders. In forensic psychiatry, 
the aim has more specifically been about identifying markers helpful in 
predicting future violent criminal acts and, more recently, in preventing 
relapse into violent behaviour. Many biomarkers have been examined 
through the years, from facial features to levels of activation in different brain 
areas. In forensic psychiatric populations, relationships between CSF levels 
of serotonin (5-HT) and dopamine (DA) metabolites, BBB integrity, and 
impulsive and aggressive behaviour and personality traits have been 
established. However, in order to fully elucidate possible connections 
between personality traits, behaviours and biomarkers, we need to study these 
relationships in normal, non-violent persons without psychiatric pathology. 
Investigating such connections might be valuable in clarifying the basis of 
different behaviours. Moreover, such knowledge could also be useful for 
identifying vulnerable persons in other contexts, like in assessing risk for 
developing psychiatric disorders, or in evaluating the risk of psychiatric 
complications in surgical patients before an operation. 
The overall aim of this thesis was to investigate neurotransmitter metabolites, 
markers for BBB integrity, CSF hormones, inflammatory markers, and 
markers for neuronal and astroglial integrity in relation to aggressive and 
impulsive personality traits in a population of non-psychiatric patients. These 
biomarkers have previously been studied in forensic psychiatric groups, or in 
other ways attracted attention as possibly being connected with impulsivity 
and aggression, in human or animal studies. However, to get a fuller picture 
of their connection to aggression and impulsivity, they need to be examined 
in a non-disordered human population to see whether such connections can 
be generalized. Further exploring the neurochemical underpinnings of 
connected personality traits may contribute to a greater understanding of 
aggressive and impulsive behaviour in humans. 
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2 BACKGROUND  
2.1 Biomarkers  
A biomarker can be defined as an indicator of a biological state or trait. In 
psychiatry, where diagnosis is generally made during clinical examination, a 
search for clear, objective biomarkers for different disorders has gone on for 
decades. Biomarkers are measurable characteristics of an individual that may 
represent a normal variation; a risk factor for a disease; or an indicator of 
disease outcome, progression, or treatment response (1). Biomarkers might 
also be used to elucidate the difference between a “trait”, meaning a 
relatively stable property of the assessed individual, like temperament, and a 
“state”, meaning a more variable property like mood or affect. Biomarkers 
are usually taken to refer to explicitly “biological” markers identified via 
neuroimaging techniques, genetics, proteomics, peripheral and central 
neurochemistry, and cognitive measures.  
The quest for clinically useful biomarkers in psychiatry has proved difficult. 
Several biomarkers have been investigated, for example for depression, 
chronic pain and Alzheimer’s disease (2-4), but beside markers for 
neurological disorders such as dementias, these are mostly used in research. 
However, several biomarkers initially thought to be indicators for a specific 
disorder, like the 5-HT metabolite 5-hydroxyindoleacetic acid (5-HIAA) for 
major depression, have instead been shown to be abnormal in persons 
displaying certain types of behaviours, such as violent suicide attempts or 
destructive aggressive acts (5, 6)  
In this thesis, the focus will be limited to biochemical measures in serum and 
CSF for personality traits, especially those related to aggression and 
impulsivity, while important fields like genetics, neuroimaging, and other 
types of mental health problems, will be left out for reasons of brevity and 
clarity. We have used a non-disordered study group derived from orthopaedic 
patients to assess previously explored biomarkers from forensic psychiatry in 
a broader variation.  
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Biomarkers in forensic psychiatry  
In forensic psychiatry, the main quest has been to elucidate the 
pathophysiology of, and markers for risk of, aggressive behaviour. 
Aggression and impulsivity are traits that are closely intertwined and of 
obvious importance for the development of violent behaviour (7). Identifying 
these traits in different individuals, through psychological testing or through 
measures of different biomarkers, might have important implications for 
assessment of risk and safety.  
During the emergence of forensic psychiatry as a medical and scientific field, 
body measurements and facial features were considered promising 
biomarkers (8), although scientific validity was not particularly considered. 
In the mid-twentieth century, the extra Y chromosome of XYY syndrome 
was regarded as a promising biomarker, although later research could not 
confirm a general importance of sex chromosome aneuploidism for 
aggressive behaviour (9). Likewise, the relationship between serum levels of 
testosterone and aggressive behaviour has proved more inconsistent than 
initially anticipated, although later research has indicated relationships 
between the testosterone-cortisol ratio and aggression (10, 11). Moreover, 
low monoamine oxidase A (MAO-A) activity has been linked to aggressive 
behaviour, and genetic studies have shown important connections between 
different gene variants of this enzyme, environment, and aggression  
(12, 13). However, its predictive validity for aggression remains uncertain 
(14). Platelet monoamine Oxidase B (MAO-B) activity has also been 
investigated, but after initial enthusiasm, it has not been found to be clearly 
connected to aggressive and impulsive behaviour (13, 15). It is important to 
consider that a factor that might be of importance in explaining the behaviour 
of a single individual might have a weak correlation on a group level and thus 
be of very limited predictive value. Further biomarkers will be discussed in 
more detail below.  
2.2 Personality  
Personality may be described as a characteristic, enduring manner of feeling, 
thinking, behaving, and relating to others. It differs from other psychological 
constructs, such as cognition or mood, by being relatively stable over long 
periods of time, even a lifetime (16). The concept of personality is broader 
than the concept of behaviour; that is, any action or pattern of actions of an 
organism that changes its relationship to its environment. As behaviours are 
easier to observe and quantify, patterns of behaviour are central to the 
definition of personality. Examples of well validated and reliable personality 
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models are the Five Factor Model (17, 18), the Karolinska Scales of 
Personality (KSP) (19), revised as the Swedish universities Scales of 
Personality (SSP) (20), and the Temperament and Character Inventory (TCI) 
(21). Both genetic and biochemical biomarkers have been found to co-vary 
with several different personality traits, and psychiatric and somatic disorders 
(2, 22, 23). 
Aggression  
Aggression can be defined as a type of behaviour that either threatens, leads 
to, or causes harm to another organism. It is a complex phenomenon 
associated with psychosocial, neurobiological, and genetic factors. The 
prefrontal cortex, particularly the orbitofrontal and ventromedial regions, has 
been implied to play a crucial role in the regulation of aggression, controlling 
impulses from regions such as the temporal cortex, anterior cingulated cortex, 
periaqueductal grey, hippocampus, and amygdala (24). Impairment of several 
neurotransmitter systems has been implicated in aggression, including 5-HT, 
DA, and noradrenaline (NA). Dysregulation of many receptor systems and 
signalling pathways, such as γ-amino-butyric acid (GABA), N-methyl-D-
aspartate (NMDA), nitric oxide (NO), MAO-A, and the inflammatory 
system, have also been implicated in aggression (25-29). When studying 
aggression, a single act of aggression must be differentiated from a more 
consistent pattern of aggressive behaviour. In animal studies, aggressive 
behaviour is often defined as either predatory or defensive (30). This might, 
in humans, correspond to the concepts of instrumental and reactive 
aggression (31). These two kinds of behaviour are distinguished by different 
patterns of neurobiological activation, with a higher degree of autonomous 
activation in reactive aggression (30). 
Impulsivity  
Impulsivity refers to acting without control or premeditation. This trait 
appears in every major conceptualization of personality, and encompasses a 
broad range of behaviours that reflect poor self-regulation, such as premature 
responding before considering consequences, inadequate planning, sensation-
seeking, risk-taking, inability to inhibit responses, and preference for 
immediate rewards (32). Impulsivity is strongly linked to executive prefrontal 
dysfunction and aggression and when present, increases the risk of aggressive 
and violent behaviour (7, 33). Impulsivity is a key characteristic of several 
psychiatric disorders (34). 5-HT and DA, and also several other 
neurotransmitters like NA and glutamate, are strongly implicated in the 
regulation of impulsivity (35). 
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Protective factors  
Personality factors regarded as protective against committing aggressive and 
impulsive acts can be deduced from studies comparing violent offenders to 
normal controls. As such, low scores in Self-directedness and 
Cooperativeness have been linked to aggressive behaviour, and to antisocial 
personality disorder, both in clinical groups (36) and in community-based 
samples (37). Low Cooperativeness has been shown to be strongly predictive 
of aggressive behaviour in a study of neuropsychiatric patients and violent 
offenders (38). Increased 5-HT transmission, GABA-signalling, neocortical 
inhibitory influence, and specific hypothalamic nuclei have been proposed to 
counteract aggressive impulses (39, 40). Self-directedness has been 
associated with low levels of C-reactive protein (CRP) (41), and with 
variations in the S-100b gene (42).  
2.3 Current biomarker research regarding 
aggression and impulsivity  
Biomarkers in the CSF  
In biomarker research, CSF has the disadvantage of not being as readily 
accessible for sampling as serum. However, CSF is closer to and gives a 
more accurate picture of brain chemistry than measurements in peripheral 
blood. In clinical practice, measurement of different biomarkers in CSF is 
done routinely, aiding in the diagnosis of conditions like Alzheimer’s disease 
(4). In research studies regarding aggression and impulsivity, markers like 
testosterone (43), GABA (44), monoamine metabolites (45), and thyroid 
hormone (46) are being evaluated in humans. When studying the roles of 
separate neurotransmitters, it is of utmost importance to remember that there 
are very close interactions between the different systems. 
CSF 
The CSF is a clear fluid produced by the choroid plexus in the ventricle 
system, as well as from the brain interstitial fluid (47, 48). It acts as a 
chemical buffer and cushion for the brain, providing a basic immunological 
protection, and serves a vital function in autoregulation of cerebral blood 
flow. Approximately 500 mL of CSF is produced every day, but the central 
nervous system (CNS) can only contain about 135-150 mL at a time. The 
caudal meningeal “sack” (from which lumbar punctures are drawn) has an 
estimated reabsorption of between 0.11-0.23 mL per minute. The CSF has an 
ionic composition similar to plasma, and normally should contain virtually no 
blood cells (47). It is sampled via lumbar puncture. 
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Monoamine transmitter systems  
The monoamine transmitter systems (5-HT, DA, and NA) are of core 
importance for CNS function, as shown in their role in disorders such as 
depression and schizophrenia (49, 50). One way to approximate the activity 
in these systems is to measure the CSF concentrations of their main 
metabolites, 5-HIAA for 5-HT, homovanillic acid (HVA) for DA, and 3-
hydroxy-4-metoxyphelylglucol (HMPG) for NA.  
HMPG has shown very few correlations with aggressive and impulsive 
personality traits in earlier studies (51, 52).  
Serotonin 
Serotonin is synthesized from the amino acid tryptophan. 5-HT in the brain is 
crucial for a vast number of brain functions, such as control over mood and 
impulses, sleep, learning, appetite, and muscular tone (53). It is inactivated 
by degradation through MAO or by a specific reuptake transporter on the 
presynaptic neuron. The main 5-HT metabolite 5-HIAA can be measured in 
blood, urine and CSF samples (54). 
 Many studies suggest that 5-HT plays a significant inhibitory role with 
respect to aggressive behaviour. In humans, several studies have shown a 
decrease in aggressive and impulsive behaviour in persons treated with 
selective serotonin uptake inhibitors that increase postsynaptic serotonergic 
signals (30, 55-57). Other studies have shown an increased propensity for 
destructive acting out, such as violent suicide, arson, or killing a sexual 
partner, in subjects with decreased CSF 5-HIAA levels (5, 58, 59). 
Importantly, low 5-HIAA levels in CSF have been shown to correlate with 
impulsive, but not premeditated, aggression (60). Such findings suggest that 
the connections with the 5-HT system in the brain are stronger regarding 
impulsive aggressive behaviour than regarding premeditated, instrumental 
aggression. Also, polymorphisms in several genes encoding key enzymes and 
receptors in the 5-HT metabolism and neurotransmission systems have been 
shown to be associated with impulsivity (61). In all, however, studies are 
heterogeneous regarding the strength of the relationship between 5-HT and 
aggression (39), and the overall effect much smaller than initially thought.  
Dopamine  
Dopamine (DA) is synthesized from the amino acid L-tyrosine. It is 
inactivated by enzymatic breakdown by MAO or cathecol-O-
methyltransferase (COMT). The main metabolite of DA, HVA, can be 
measured in CSF and urine (54).  
Neurobiological markers for personality, inflammation, and stress 
 
8 
The DA system in the brain seems to be involved in impulsivity and 
aggression, although the research regarding this system is not as extensive as 
for 5-HT. Drugs, like clozapine and olanzapine, blocking DA D2 receptors, 
have been repeatedly reported to decrease aggressive behaviour in different 
patient populations (62, 63). In patients with Parkinson’s disease treated with 
DA replacement therapies, a number of impulse control impairments, 
including compulsive gambling and hypersexuality, have been identified 
(64). CSF HVA and 5-HIAA have been noted to co-vary in many studies 
(65), consistent with the notion that the monoamine systems interact (54). 
The ratio between 5-HT and DA metabolites is highly constant (54), and an 
increased HVA/5-HIAA ratio indicates an impaired 5-HT modulation of DA 
activity (65). A skewed ratio between CSF HVA and 5-HIAA has been found 
in psychotic patients (66), in suicide attempters (67, 68), and in groups of 
violent offenders undergoing forensic psychiatric examinations (69, 70). 
The blood-brain barrier 
The BBB is formed by specialized capillary endothelial cells, joined together 
by tight junctions, and having a close cellular connection with both astrocytes 
and specialized pericytes. These cells are closely applied to a continuous 
basement membrane. All these elements, together with neurons, form a 
functional neurovascular unit (71). The structure of the BBB, together with 
enzymes and transport systems, prevents the leakage of many substances and 
pathogens from blood to brain, but allows passage of necessary substances 
like nutrients (48). There are several types of selective, saturable transport 
mechanisms across the BBB: carrier-mediated transport (e.g. ions, glucose, 
amino acids), receptor-mediated (proteins like insulin and thyroxin) and 
adsorptive transcytosis (glycoproteins, viruses, albumin, and other plasma 
proteins), and diapedesis for immune cells (72, 73). Water, small gaseous 
molecules like O2 and CO2, and small lipophilic molecules like barbiturates 
and ethanol can diffuse freely across the BBB. The cells of the BBB can also 
produce and secrete neuroactive and immunoactive substances such as NO, 
prostaglandins, and cytokines (74). Perivascular macrophages, derived from 
blood-borne progenitors, reside by the vessel wall and protect the brain from 
infection (75, 76). Subsets of microglia resident in the brain have also been 
shown to regulate immune cell passage across the BBB (77).  
BBB integrity  
Signs of a disrupted or dysfunctional BBB have been observed in many 
pathologies of the CNS, from traumatic injury to psychiatric illness. 
Breakdown of the BBB can be helpful, allowing immune entry to clear away 
debris and repair injuries. It can also be damaging, causing oedema, neuronal 
injury, and degeneration (71). The integrity of the BBB has often been 
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assessed by measuring the ratio of the plasma protein albumin in CSF and 
serum (78). Increased ratios have been reported in patients with traumatic 
brain damage and tumours as well as psychotic illness (66), in suicide 
attempters (67), and in violent offenders (69, 79).  
Beta-trace protein (TP), identical with prostaglandin D synthase (80), is 
considered to be produced mainly in the leptomeninges (81) and then 
secreted into the CSF (80, 82-84). It is used in clinical practice to measure 
CSF leakage into peripheral fluids such as nasal secretions (85). Thus, serum 
TP concentrations and CSF/serum albumin ratios represent two different 
aspects of BBB permeability (leakage in vs. leakage out of the CNS). 
Insulin  
Insulin is well known as the major, immediate regulator of peripheral blood 
glucose levels. Glucose transport across the BBB, and also brain glucose 
metabolism, are, however, regulated independently of insulin (86). Insulin is 
mainly synthesized in the periphery and crosses the BBB by saturable 
transport (87-89). Brain insulin has been found to play an important role in 
cognition and memory (possibly through regulating several receptors and 
transmitter systems, including NMDA (90) and DA (91, 92) receptors), and 
regulation of feeding behaviour (93, 94). Recently, insulin has been 
associated with Alzheimer’s disease and depressive behaviour (95). CSF 
insulin has been found to be higher in patients who had made a violent 
suicide attempt than in those who had made a non-violent attempt (6), 
consistent with the hypothesis that habitually violent individuals have a 
dysregulated insulin secretion and glucose metabolism (96-98).  
Thyroid hormones  
The thyroid gland is a major regulator of metabolism in the whole body, 
producing thyroxin (T4) and the more active triiodothyronine (T3). Thyroid 
hormones have a profound influence on behaviour and mood, are essential 
for the development and maturation of the brain, and play an important role 
in the regulation of the monoamine systems (99). An association between 
increased serum thyroid activity (T3 or the T3/T4 ratio) and criminal 
recidivism, aggression, and psychopathic personality traits has been found in 
several studies (100-102). The ratio between T3 and T4 has been shown to be 
associated with ratings of psychopathy (100), and also with antisocial 
behaviour (103). In addition, a recent study in suicide attempters suggests 
that violent personality traits in men (high scores on aggressiveness and low 
scores on detachment on the KSP) are connected with decreased T3/T4 ratio 
(46).  




Inflammation can be regarded as the reaction of the body to something 
perceived as dangerous- things as diverse as microorganisms, trauma, or 
psychological stress. The innate immune system is the first line of defence. It 
provides signals for the activation and regulation of the adaptive system, 
which mediates antigen-specific mechanisms. Inflammatory mediators have 
also been shown to play a role in processes such as normal embryonic 
development and learning (104, 105).  
Accumulating evidence implicates a connection between the immune system, 
personality, and behaviour (106). Ever since the discovery that cytokine 
treatment of hepatitis and different forms of cancer can cause a form of 
depressive illness (107), the role of different inflammatory markers in 
psychiatric disorders like depression and schizophrenia has been subject to 
study (108-110).  
Studies regarding personality traits and inflammation are scarce. However, 
increased production of proinflammatory cytokines, as induced by 
lipopolysaccharide (LPS) has been shown to be related to hostile and 
aggressive personality traits. Increased LPS-stimulated monocyte Tumor 
Necrosis Factor (TNF) expression has been shown to be associated with 
hostility and physical and verbal aggression in healthy men (111). LPS-
stimulated expression of IL-1, IL-1, and IL-8 has also been shown to be 
associated with hostility in healthy women (112). Hostile behavioural 
tendencies have also been shown to be associated with IL-6 and CRP levels, 
independent of lifestyle factors like body mass index (BMI) and smoking 
(113). Impulsivity-related personality traits (high neuroticism and low 
conscientiousness) have been associated with higher levels of IL-6 in a 
population-based sample (114). Low CRP has been shown to be associated 
with Self-directedness, a trait regarded as protective against psychopathology 
(41). 
Studies regarding central inflammatory reactions to peripheral trauma are 
scarce, but mainly show increases in both pro- and anti-inflammatory 
markers following surgery (115-119). Reactions in serum are, 
understandably, considerably more studied (120, 121). As it is becoming 
increasingly clear that inflammation plays an important role both in normal 
behaviour and post-operative cognitive and psychiatric complications (109, 
122-125), the need for more knowledge about these reactions in a 
representative, normal patient material is evident.  




Stress initiates several reactions in the body, including activation of the 
hypothalamus-pituitary-adrenal (HPA) axis. Cortisol regulates energy 
metabolism, and also activates immune system responses. It seems to enter 
the brain both through diffusion and through active transport, depending on 
the area involved. It has strong anti-inflammatory effects, although recent 
research shows some proinflammatory activities as well (126). The HPA axis 
and the inflammatory system are intertwined in a complex way. Greater 
anger in response to a stressor has been associated with higher cortisol, and 
greater fear with higher IL-6 (127). Two decades of research have implicated 
a relationship between cortisol and antisocial behaviour, especially in 
childhood (128). Cortisol and testosterone also seem to act together, with an 
imbalance in reciprocal inhibition resulting in a higher risk of aggression, 
possibly through action on the amygdala (11).  
Markers for astroglial and neuronal integrity  
Amyloid β (Aβ) is produced by proteolytic cleavage of amyloid precursor 
protein during normal cell metabolism. It is secreted into the CSF (129). The 
42 amino acid form of this peptide (Aβ42) is the major component of senile 
plaque deposits. The most prevalent hypothesis for mechanisms of Aβ-
mediated ’’neurotoxicity’’ is structural damage to the synapse (4). Alzheimer 
patients characteristically display low concentrations of Aβ42 and high total 
tau (T-tau) and phosphorylated tau (P-Tau) in their CSF (130). Tau proteins 
are involved in stabilizing microtubules in CNS neurons and can be regarded 
as markers of axonal damage (131). Patients with AD displaying agitated 
aggression during life have been shown to have increased phosphorylation of 
Tau in their frontal cortices (132). Neurofilaments are intermediate filaments 
found specifically in neurons. Neurofilament light (NFL) is the smallest sub-
component of neurofilaments. Increased NFL levels in CSF are associated 
with brain damage, and are used as a biomarker for the integrity of large 
calibre myelinated axons. Glial fibrillary acidic protein (GFAp) is an 
intermediate filament protein that is used as a biomarker for astroglial cell 
integrity. Tau, as well as NFL, is known to increase in CNS damage (133, 
134). Both GFAp and Aβ42 have been shown to be increased in CSF after 
open-heart surgery (135, 136).  
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Markers for BBB integrity, neurotransmitter metabolites, inflammatory 
markers, CSF hormones and markers for neuronal and astroglial integrity 
have all been shown to co-vary to different degrees with aggressive and 
impulsive personality traits. However, few studies have been done in non-
psychiatric patients, showing whether these connections actually exist in the 
“normal” condition, or only when aggressive and impulsive behaviour is 
present.  
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3 AIMS  
The overall aim of this thesis was to elucidate a number of biomarkers in 
relation to aggressive and impulsive personality traits in a non-psychiatric 
study group, using baseline serum and CSF samples collected before 
arthtroplastic surgery (A samples). In addition, the distributions of these CSF 
biomarkers and the effect of peripheral surgery (as an indicator of peripheral 
stress) on different CSF and serum biomarkers were also evaluated, with 
samples drawn three hours after (B samples) and on the morning (C samples) 
following the intervention. Previous published articles from this study have 
reported on changes in BBB permeability, CSF monoamine metabolites and 
thyroid hormones in response to peripheral surgery (137-139). 
The specific aims were to: 
I. identify possible co-variation between monoamine transmitter 
metabolites, BBB integrity, insulin, thyroid hormones, 
inflammatory markers, and markers for astroglial and neuronal 
integrity, and impulsive and aggressive personality traits; 
 
II. assess changes in CSF and serum insulin during non-
neurological surgery;  
 
III. establish levels of inflammatory markers in CSF and serum 
and identify their changes during surgery and; 
 
IV. investigate the levels of markers for astroglial and neuronal 
integrity before and after surgery. 
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4 SUBJECTS AND METHODS  
4.1 Subjects  
Patients scheduled for knee arthroplastic surgery at Kungälv Hospital were 
consecutively recruited from the anaesthesiological clinical practice doing 
preoperative assessments.  
Thirty-five patients (20 men, 15 women, aged 51-82 years, median age 73) 
gave written and oral consent to participate in the study. One patient had 
bilateral surgery in the same session, while the others were unilateral 
interventions. The ambition was to select patients with as few complicating 
medical disorders as possible; however, given the age range of patients in 
need of knee arthroplasty, it was not possible to assemble a study group with 
overall “healthy” patients. Exclusion criteria included the systemic use of 
corticosteroids, anti-Parkinson medication, antipsychotics, antidepressants 
and anticoagulant treatment. Of these 35 patients, CSF and serum samples 
could be drawn from 34, who were to form the actual study group, with some 
further attrition due to technical problems (as detailed below for each paper).  
Three of these patients were found to have creatinine concentration > 100 
mol/L, but otherwise routine preoperative blood tests were within normal 
reference values. Seven patients had diabetes mellitus (none treated with 
insulin) and 21 had hypertension. They had the following antihypertensive 
treatments: beta blockers (11 cases), angiotensin II-antagonists (2 cases), 
diuretics (2 cases), calcium channel blockers (2 cases), and ACE inhibitor 
(one case). Three patients had both diabetes and hypertension. Three patients 
used codeine and tramadol on an as-needed basis. All medications had been 
used for a long and stable period. One subject was originally thought to have 
taken the serotonin reuptake inhibitor citalopram; however, on thorough 
examination of their medical files, it became clear that they had discontinued 
this medication several months before the intervention. Any non-steroidal 
anti-inflammatory drugs were discontinued a week before the intervention. 
No abrupt washout of any drugs was performed for study purposes. On the 
day of surgery, no per-oral medication besides beta blockers was given.  
All subjects had been fasting for at least 6 hours before surgery, and all 
glucose infusions administered during and after surgery were carefully 
registered. After surgery, patients were fasting until the second CSF 
sampling, as the spinal blockade was still active. They were free to eat in the 
evening after the interventions.  
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Twenty-six subjects had completed one or both of the personality 
questionnaires prior to arriving at the hospital for surgery. Of these, 26 had 
filled in the Temperament and Character Inventory and 23 had filled in the 
Karolinska Scales of Personality. 
Detailed descriptions of which subjects were included in which papers are 
given below. 
In Paper I, the study group at first consisted of the 26 subjects who had filled 
in one or both of the personality questionnaires before arriving at the hospital. 
In this paper, the individual believed to be on long-term medication with 10 
mg of citalopram was excluded. Four subjects were excluded, as they had 
pathological CSF/serum albumin ratios (exceeding the normal reference 
value of 11.8) at the first sampling (A), and were therefore not considered as 
neurologically healthy. The final group analysed consisted of 21 subjects.  
In Paper II, all 26 subjects who had filled in one or both of the personality 
questionnaires were included, including the four subjects with pathological 
CSF/serum albumin ratios, as we wanted a full picture of the correlations 
between cytokine levels in the CSF and personality traits, including any 
cytokine increases due to a “leaky” BBB. The number of individuals included 
in the correlations varied from 20–25, depending on which cytokine was 
studied, as it was not technically possible to measure all CSF cytokines in all 
individuals at all samplings. In this paper, cytokines with a mean 
concentration of 0.61 (lowest level of detection for the analysis kit) and SD 
of 0.00 pg/mL (i.e. IL-4, 5, 12 and 13) at A were excluded from further 
analysis. 
In Paper III, one subject was included only in the analyses of the A and B 
(three hours after surgery) concentrations, because no C sample (the morning 
after) could be obtained. One subject was excluded due to deviant insulin 
concentrations along with a pathological CSF/serum albumin ratio at 
baseline, and one because of no back-flow in the spinal catheter at either the 
B or C samples. There were technical problems with the laboratory analyses 
of insulin in serum in one subject at the B and C samples, in another at A and 
B, and in six subjects at the CSF analyses of the C samples. After exclusion 
of these patients, serum samples from 30 patients and CSF samples from 24 
patients were included in the final analyses.  
In Paper IV, analysis of baseline CSF/serum albumin ratios identified four 
subjects with abnormal ratios (i.e. > 11.8) (54). Since one of the aims of the 
present study was to investigate relationships between variations in BBB 
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permeability and central inflammatory reactions, the initial analyses included 
all subjects, regardless of CSF/serum albumin ratios, in order to capture the 
full range of these relationships. Analysis of serum cytokines was possible in 
34 individuals, and of CSF cytokines in 25–26 individuals.  
In paper V, four subjects having pathological CSF/serum albumin ratios at 
A, and one with signs of bleeding at B, were excluded from further analyses 
(as in the previous report on protein chemistry from our research group 
(137)). Technical problems resulted in some further missing values, resulting 
in a final study group of 29 patients with the exact number varying from 26 
to 29 at each sampling.  
4.2 Procedures  
CSF sampling  
A lumbar puncture was performed with an 18-gauge Portex epidural needle 
in the L3-L4 interspace. About 2 mL of CSF was discarded at first, and then 
12 mL of CSF was sampled and gently mixed before administration of any 
intrathecal drugs. At the same time, 15 mL of blood for serum analyses, 20 
mL of EDTA blood for plasma analyses, and 20 mL of blood for possible 
later genetic analyses were sampled. These baseline samples are referred to 
as the “A samples”. A catheter was inserted after the initial sampling, and ”B- 
samples” were collected three hours after completion of the intervention. ”C- 
samples” were drawn in the morning after the intervention by the same 
routine. CSF and blood samples were centrifuged at 2000g for 10 minutes to 
eliminate cells and other insoluble material, and pipetted in new tubes for 
transport to the neurochemistry laboratory. Aliquots were stored at -80° C 
until biochemical analyses.  
Medications  
All patients first had subcutaneous local anaesthesia with 10 mL 0.5% 
mepivacaine as part of the anaesthesiological procedure. After the A-samples 
were drawn, an initial spinal anaesthesia with 3 mL of bupivacaine 5mg /mL 
was administered. Propofol was administered during surgery as a continuous 
infusion to all patients, using the bispectral index (BIS) to titrate the dosage 
for an optimal sedation of BIS 70, yielding a total dosage of propofol ranging 
from 102 mg to 1423 mg, with a mean of 392 mg (standard deviation [SD] 
228). All patients were given 1 g of tranexamic acid and 1 g of paracetamol 
before or during the intervention.  
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Between the A and B samplings, the following drugs were administered: 
phenylephrine (20 cases), ephedrine (4 cases), atropine (8 cases), metoprolol 
(1 case), droperidol (1 case), morphine and petidine chloride (1 case), 
ketobemidone (1 case), fentanyl (1 case), diazepam (1 case), and ondansetron 
(1 case).  
Between the B and C samplings, ketobemidone (10 cases), morphine  
(7 cases), fentanyl (2 cases), ondansetron (4 cases), atropine (4 cases), 
dixyrazine (6 cases), ephedrine (1 case), phenylephrine (4 cases), diazepam 
(3 cases), betamethasone (1 case), droperidol (4 cases), and zolpidem or 
zopiclone in normal sleeping dosages (14 cases) were administered.  
Bupivacaine was administered as a 5 mg/mL intrathecal solution in sodium 
chloride between the A and B samplings with a mean dosage of 3.7 mL 
(range 3–7.4 mL, SD 0.84), and between B and C with a mean dosage of 6.19 
mL (range 2.80–11.40 mL, SD 2.46). Three patients had a local instillation of 
30 mg ketorolac and 200 mg ropivacaine in the knee before termination of 
the operation, as part of another study protocol.  No patients needed blood 
transfusions, and pain breakthrough was the only complication noted during 
the study. All but four patients were given glucose (5% or 10%) infusions, 
starting after the surgery and ending on the following morning.  
All administered drugs and infusions were carefully monitored and 
introduced in the database used for the scientific analyses, in order to check 
for possible effects of drugs or infusions on the concentration or changes of 
the biomarkers investigated. 
4.3 Measures  
Neurochemical analyses  
Monoamine metabolites were analysed by high-performance liquid 
chromatography (HPLC) with electrochemical detection as described by 
Blennow et al. [54].  
Albumin analysis was made by nephelometry on the Immage instrument 
(Beckman Coulter, Brea, CA, USA). TP protein was analysed by 
nephelometry on the BNProSpec instrument (Dade Behring, Deerfield, IL, 
USA) using the NLatex TP kit. 
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Insulin was analysed using a double antibody radioimmunoassay (Linco 
Research, St Charles, MO, USA). Thyroid hormones were determined by 
biochip array technique on the Evidence Investigator (Randox, Crumlin, UK) 
using the total thyroid array for TSH, total T3, and total T4 [130]. 
The Human TH1/TH2 10-Plex Assay Ultra-Sensitive Kit (Meso Scale 
Discovery, Gaithersburg, MD, USA) was used for cytokine analyses. The kit 
used included analysis of IL-1, IL-2, IL-4, IL-5, IL-10, IL-12, IL-13, IFN-, 
and TNF. The lowest level of detection for the kit was 0.61 pg/mL. For the 
cytokines having potentially lower concentrations, the level was thus set to 
0.61 pg/mL in the computations. CSF cortisol was measured by 
radioimmunoassay using the Spectria Cortisol (125I) kit (Orion Diagnostica, 
Sollentuna, Sweden).  
T-tau, P-tau, Aβ42, NFL, and GFAp were analysed by enzyme-linked 
immunosorbent assays.  
All measurements were performed in batch mode by board-certified 
laboratory technicians, and intra-assay coefficients of variation were below 
10% for all analyses.  
Personality assessments  
Personality questionnaires were distributed to the subjects during the 
anaesthesiological pre-operative consultation, and the patients were asked to 
fill them out at home prior to the operation. The completed forms were 
collected at the time of admission to the hospital.  
Temperament and Character Inventory  
The TCI is a 238-item true or false self-report questionnaire assessing four 
temperament dimensions, i.e. Novelty Seeking (impulsive vs. reflective), 
Harm Avoidance (anxious vs. calm), Reward Dependence (approval seeking 
vs. independent), and Persistence (steadfast vs. fickle), and three character 
dimensions, i.e. Self-directedness (resourceful vs. helpless), Cooperativeness 
(emphatic vs. hostile), and Self-transcendence (self-forgetful vs. acquisitive). 
It was developed to describe both normal and abnormal variation in 
personality. It is based on Cloninger’s psychobiological model of personality 
(21) and has been translated into Swedish from the original American version 
(140).  
Twenty-six subjects had filled in the TCI.  
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The Karolinska Scales of Personality 
The KSP is a 135-item self-report questionnaire containing 15 personality 
scales, i.e. Somatic Anxiety, Psychic Anxiety, Muscular Tension, Social 
Desirability, Impulsiveness, Monotony Avoidance, Detachment, 
Psychasthenia, Socialization, Indirect Aggression, Verbal Aggression, 
Irritability, Suspicion, Guilt and Inhibition of Aggression, measuring stable 
temperament traits constituting vulnerability factors for different kinds of 
psychopathology (19). It has been widely used in studies involving biological 
correlates of personality traits (141, 142). A revised version (the Swedish 
Universities Scales of Personality, SSP) has been published since the study 
was designed (20).  
Twenty-three subjects had filled in the KSP.  
As the aim of this study was to investigate impulsive and aggressive 
personality traits, the following scales were chosen in paper I: to reflect 
impulsivity: Novelty Seeking (TCI), Monotony Avoidance (KSP), 
Impulsiveness (KSP); for aggression and aggression-related personality 
traits: Indirect Aggression (KSP), Verbal Aggression (KSP), Irritability 
(KSP), and for self-regulation, behaviour control and empathy: Inhibited 
Aggression (KSP), Detachment (KSP), Reward Dependence (KSP), 
Socialisation (KSP), Self-Directedness (TCI) and Cooperativeness (TCI), as 
described in Paper I, based on i.a. (37, 38).  In paper II, we chose to 
concentrate on those scales more directly connected to impulsivity and 
aggression as stated above, and, in addition, we chose to look at Self-
Directedness, as this trait has been shown to correlate with inflammatory 
markers in normal populations in other studies (41, 42). 
No systematic differences in sex, age, or general medical status were noted 
between responders and non-responders. The main reason for non-response 
was stated to be lack of time to fill out the personality questionnaires before 
surgery. 
The personality data were transformed into t-scores (with a mean of 50 and a 
SD of ± 10) derived from Swedish normal population groups, corrected for 
age and sex (143), and then compared to laboratory results. To assess the 
representativeness of the sample, personality traits were tested against the 
normal mean value of 50 by one-sample t-tests, and with the exception of the 
following KSP scales; Psychic Anxiety (< 50, p = .001), Indirect Aggression  
(< 50, p = .001), and Suspicion (> 50, p = .006) no significant differences 
from the expected mean were found. Strong tendencies for higher scores in 
women were found for the KSP traits Psychic Anxiety and Inhibited 
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Aggression, but these did not reach statistical significance according to the 
pre-set significance level (p ≤ .01). No significant correlations were found 
between age and any of the KSP or the TCI dimensions.  
4.4 Statistical and analytical methods  
All statistical analyses were performed using the Statistical Package for 
Social Sciences Program (SPSS), version 17.0 (Papers I and IV), 18.0 (Paper 
III) and 20.0 (Papers II and V). 
Statistical analyses  
In Papers I and II, one-sample t-test was used to test the study group against 
the normal population (t-score of 50). This is a means of testing whether 
there were any statistically significant differences between the mean of the 
study group and the normal population. Spearman correlations were used to 
analyse associations between variables. To control for the risk of type I 
errors, significance level was set to p < .01.  
In Paper III, repeated measures ANOVA and Bonferroni corrections were 
used to assess changes in insulin levels between samplings A, B and C. 
Repeated measures ANOVA is a test used to measure changes in a parameter 
between three or more time points. CSF and serum insulin concentrations 
were the dependent variable, while assessment points (A, B, and C) were the 
independent variable.  
Pearson correlations were used for analyses of relations between different 
markers, and between CSF and serum concentrations and ratios, where a high 
positive correlation would indicate that subjects with high CSF 
concentrations also had high serum concentrations and vice versa with 
negative correlations.  
In Paper IV, we used nonparametric methods, as the distribution of cytokine 
levels was skewed due to the lower detection level of the analysis kit (0.61 
pmol/mL). Friedman’s repeated measures analysis of variance by ranks, 
followed by Wilcoxon signed rank test for post hoc comparisons between 
pairs, were used to compare the cytokine concentrations at A, B, and C. 
Spearman correlations were computed to assess the relationship between 
peripheral and central levels of cytokines, cortisol, and CSF/serum albumin 
ratios (in absolute levels), and to investigate the relationship between 
peripheral and central fluctuations in cytokines (relative change in cytokine 
levels was computed as concentration at C divided by concentration at B, B 
divided by A, and C divided by A). Mann-Whitney U-test was used for 
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analysis of differences in CSF/serum albumin ratios and cytokine levels 
between subgroups. All tests were two-tailed, and significance levels were set 
to 0.05.  
In paper V, mean CSF concentrations of T-Tau, P-Tau, A42, NFL, and 
GFAp were calculated at sampling points A, B, and C, and compared first by 
a repeated measurement ANOVA. In case of an overall significant effect, the 
pair-wise comparison was done by repeated paired t-tests. Tests were two-
tailed and the significance level was set to 0.05. Correlations with possible 
confounding factors and with changes in CSF/serum albumin ratios were 
calculated by Pearson’s correlations.  
Corrections for multiple comparisons 
The level of significance is customarily set at 5% (meaning that the 
probability of making a type I error, or alpha, is set at 0.05). The more 
analyses we make in a study, the more likely we are to interpret random 
differences as true. In CSF studies, due to their invasive nature, it is difficult 
to gather large enough samples to reach adequate power to perform 
Bonferroni corrections without running a high risk of type II errors. This 
specifically poses a problem for correlational analysis between biomarkers 
and personality, where the number of comparisons are high. In paper I and II 
the level of significance was set to 1% in view of the large number of 
correlations analysed. Another statistical challenge regarding both the studied 
biomarkers and the personality factors, is that they are probably 
intracorrelated and not biologically independent. This might make Bonferroni 
correction, or similar measures, too strict. 
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5 ETHICAL CONSIDERATIONS 
Written and oral information about the study was given to all potential 
subjects, as well as opportunity for questions and discussions. All subjects 
gave consent. The subjects earned no material compensation for their 
participation in the study. As they were undergoing spinal anaesthesia and 
blood draws as part of the normal anaesthesiological procedure for a knee 
arthroplasty, the only extra task for the subjects was filling out the 
personality questionnaires before arriving at the hospital. Copies of medical 
files and study data were kept in a fireproof, locked archive, and data kept in 
computer files were coded. The project was approved by the Research Ethics 
Committee at the University of Gothenburg.  
Important to consider in all biomarker research, especially involving 
“sensitive” areas like aggression and impulsivity, is the possible risk of 
stigmatization in those who have been “labelled” as having increased levels 
of biomarkers associated with negative traits. A particular risk in biomarker 
research in forensic psychiatry is the propensity for oversimplification, which 
might lead to headlines like “simple blood test discloses risk of violent 
crime”, and use of biomarkers that might be interesting on a group level in 
basic research to make important decisions in court about the fate of an 
individual, when in reality, the questions of free will, personal responsibility 
and their limitations are immensely complicated (144, 145). This presents a 
great pedagogical challenge, both for media and the scientific community.  
In this particular study, however, the markers studied and the correlations 
found are on such a basic level that the danger of “labelling” somebody 
would be negligible. We are striving to elucidate basic mechanisms behind 
different behaviours, although impulsivity and aggression are generally 
considered quite negative traits. No inferences on individual forensic patients 
are possible based on the data collected and analysed here. 
  








6.1 Aim I: Biomarkers for impulsive and 
aggressive personality traits 
Monoaminergic metabolites 
A negative correlation was detected between the HVA/5-HIAA ratio and 
Cooperativeness (rho = -.57, p = .008).  
BBB integrity  
Serum βTP correlated positively with Monotony Avoidance (rho = .62, 
p = .005) and Impulsiveness (rho = .64, p = .003). The correlations were 
stronger among women both for Monotony Avoidance (rho = .97, p = .001) 
and Impulsiveness (rho = .90, p = .002). No significant correlations were 
found between any of the personality traits and serum or CSF albumin levels, 
or CSF/serum albumin ratios.  
Thyroid hormones  
No significant correlations were found between total and free fractions of 
thyroid hormone in serum or CSF and any of the targeted personality traits. 
Inflammatory markers and cortisol  
IL-10 correlated positively with Verbal Aggression (rho = .60, p = .005), and 
showed a negative correlation with Inhibited Aggression (rho = -.57, 
p = .008). CSF cortisol showed a negative correlation with Novelty Seeking 
(rho = -.60, p = .006). Negative correlations were found between serum IL-10 
and IFN-γ and Self-directedness (rho = -.51, p = .01 and rho = -.51, p = .009, 
respectively). 
Insulin  
No significant correlations were seen between insulin in serum or CSF or 
with the serum/CSF insulin ratio and any of the targeted personality traits.  
Markers for neuronal and astroglial integrity  
No significant correlations were seen between levels of the different markers 
for neuronal and astroglial integrity and any of the targeted personality traits.  
Possible confounders  
All analyses were redone after excluding the three subjects treated with 
lipophilic beta blockers (as these were considered to possibly influence levels 
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of monoamine metabolites). This did not change the direction or magnitude 
of the main findings; baseline serum βTP correlated positively with 
Monotony Avoidance (rho = .59, p = .017) and with Impulsivity (rho = .61, 
p = .013), and baseline CSF HVA/5-HIAA ratios correlated positively with 
Irritability (rho = .66, p = .005) and with Cooperativeness (rho = -.58, 
p = .012).  
Overall serum βTP concentrations correlated with CSF/serum albumin ratios 
(rho = .51, p = .018). Serum TP did not correlate with preoperative serum 
creatinine concentrations, even if renal pathology may be a confounder in 
research using this marker, which is considered as an indicator of glomerular 
filtration rate (146).  
6.2 Aim II: Changes in insulin levels during 
peripheral surgery  
Changes in serum and CSF insulin levels  
Serum insulin levels did not markedly change from baseline to three hours 
following surgery. They did, however, increase dramatically in the morning 
after the intervention. Of note are the large standard deviations at all 
assessment points, which may have resulted in the lack of statistically 
significant fluctuations in serum insulin from A to B despite their appearing 
to decrease overall. In CSF, insulin levels decreased significantly from 
baseline to three hours after surgery; however, no significant change was 
observed between baseline and the morning after surgery. The effect sizes for 
the insulin changes in CSF ranged from small to large. 
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Table 1. CSF and serum mean concentrations and SD and CSF/serum ratios 
of insulin at the A, B, and C samplings with p-values from one-way ANOVAs 
with Bonferroni corrected p-values and Cohen´s d. 















F(2, 58) = 
27.26  
p < .001 
AB  n.s 
AC p < .001 













F(2, 46) = 
5.46  
p < .01 















F(2, 44) = 
24.45 
p < .01 
AB n.s. 
AC p < .01 





Serum and CSF insulin levels  
Comparing overall CSF and serum insulin levels at both A, B, and C, showed 
a weak but statistically significant correlation between serum and CSF insulin 
concentrations (rho = .34, p = .001). When these correlations were assessed 
for each sampling separately, the serum and CSF insulin concentrations did 
not correlate either at A or B, while there was a significant positive 
correlation at C (rho = .58, p = .002).  
Insulin and BBB integrity  
Performing the analysis without the subjects who had CSF/serum albumin 
ratios above the clinical reference value at baseline only marginally reduced 
the mean CSF/serum insulin ratios in the remaining group and did not 
influence the results. No correlations were seen between serum or CSF 
insulin, CSF/serum insulin ratios and CSF/serum albumin ratio or TP at any 
of the samplings.  
Possible confounders  
No difference was seen between genders in serum or CSF insulin 
concentrations or in the CSF/serum insulin ratios at A or B. Women had 
higher mean serum insulin (t = 2.155, df = 29, p = .040) and lower 
CSF/serum insulin ratios (t = -2.59, df = 23, p = .016). No significant 
relations were seen between age and serum or CSF insulin, at any of the 
samplings.  
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When subjects with diabetes mellitus were omitted, significant positive 
correlations emerged between serum and CSF insulin at  
A (rho = .38, p < .05) and C (rho = .58, p < .01), but not at B. Serum insulin 
concentrations were significantly correlated with BMI at  
A (rho = .54, p < .01), but not after surgery. There were no correlations 
between BMI and CSF insulin concentrations at any point.  
6.3 Aim III: Changes in inflammatory 
makers during peripheral surgery 
Changes in serum and CSF cytokines  
In serum, IL-8 and IL-10 changed significantly from baseline to B and C 
(both p < .001). Serum TNF decreased significantly from A to C .In CSF, IL-
2, IL-5, IL-8, IL-10, IL-13, and TNF showed significant change during the 
intervention (all p < .001).  
Table 2. Serum and CSF mean (± SD) concentrations (pg/mL), of the 
cytokines showing significant change between the A, B, and C samplings with 
p-values from Friedman’s repeated measures analysis of variance by ranks 
followed by Wilcoxon signed rank test for post hoc comparisons between 
pairs, -level set to 0.05.  
Serum IL-8 IL-10 TNF 
A  23.98 ± 116.12 
N = 34 
3.53 ± 4.09 
N = 34 
8.62 ± 3.05 
N = 34 
B  26.86 ± 123.50 
N = 34 
6.00 ± 7.43 
N = 34 
9.35 ± 3.71 
N = 34 
C  30.19 ± 126.82 
N = 34 
9.62 ± 7.28 
N = 34 
7.91 ± 2.25 




2 (2) = 
43.304 
p < .001 
2 (2) =  
49.259 
p < .001 
2 (2) =  
9.450 
p = .009 
Wilcoxon signed  
rank test 
P-values 
AB p < .001 
AC p < .001 
BC n.s. 
AB p < .001 
AC p < .001 
BC p < .001 
AB n.s. 
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CSF IL-2 IL-5 IL-8 IL-10 IL-13 TNF 
A  0.63 ±  
0.54 
N = 25 
0.61 ±  
0.00 
N = 25 
30.40 ± 
 8.80 
N = 25 
0.76 ±  
0.22 
N = 25 
0.61 ±  
0.00 
N = 25 
0.67 ±  
0.14 
N = 25 
B  4.74 ±  
10.77 
N = 25 
 
1.31 ±  
1.87 
N = 25 
880.68 ±  
1975.95 
N = 25 
6.91 ±  
14.69 
N = 25 
3.02 ±  
5.64 
N = 25 
2.76 ±  
5.07 
N = 25 
C  3.38 ±  
6.33 
N = 25 
 
0.99 ±  
0.79 
N = 25 
543.20 ±  
964.20 
N = 25 
5.15 ±  
9.23 
N = 25 
3.26 ±  
4.36 
N = 25 
1.77 ±  
2.32 




2 (2) = 
19.316 
p < .001 
2 (2) = 
10.042 
p = .007 
2 (2) = 
38.00 
p < .001 
2 (2) = 
27.758 
p < .001 
2 (2) = 
23.343 
p < .001 
2 (2) = 
17.956 
p < .001 
Wilcoxon  




p = .001 
AC  








p < .001 
AC  
p < .001 
BC n.s. 
AB  
p < .001 
AC  
p < .001 
BC n.s. 
AB  
p < .001 
AC  
p = .001 
BC n.s. 
AB  
p < .001 
AC  
p < .001 
BC n.s. 
 
The increases in CSF cytokines were of a larger magnitude than those seen in 
plasma; IL-2, IL-8, IL-10, and IL-13 all increased to about 500% or more of 
their initial concentrations, while TNF more than doubled. Relative changes 
in these CSF cytokines showed highly significant intercorrelations, indicating 
that subjects with high increases in one cytokine also had increases in other 
cytokines. CSF concentrations of IL-2, IL-10, IL-12, and IL-13 displayed 
large interindividual variations following surgery (see Figure 1), while the 
changes in Il-8 and TNF were more consistent.  
Serum and CSF cytokine levels  
No significant correlations between serum and CSF concentrations (absolute 
values) of any of the cytokines at any sampling were detected.  
High responders  
When plotting the data, a subgroup consisting of 10 individuals (defined as 
having remarkably large increases in IL-2, IL-10, IL-12 and IL-13) was 
shown to have markedly larger CSF cytokine increases. These individuals did 
not differ from the other subjects in any preoperative parameters. Moreover, 
this subgroup had significantly higher CSF/serum albumin ratios than the rest 
of the study group at B (U = 38.00, p = .003) and C (U = 45.00, p = .008); see 
Figure 1.  
 

















Figure 1. Cytokine levels of CSF IL-2, IL-10, IL-12 and IL-13 (pg/mL) plotted against CSF/serum albumin ratios at the three different assessment 
points; A, B, and C in the full sample (individuals re-coded as letters) with high responders colour coded. 
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Five of these subjects had abnormal CSF/serum albumin ratios (> 11.8 as the 
upper range of the established reference interval for the method (78)) at one 
or several of the assessment points. The remaining high responders had 
relatively stable CSF/serum albumin ratios within the normal range. The 
group of high responders had significantly higher CSF concentrations of 
almost all cytokines assessed (IL-2, -4, -5, -8, -10, -12, -13, TNF, and IFN-) 
at B and C (p’s ranged from .042 to < .001), and had significantly higher 
serum concentrations of IL-4 (p = .029) at A and IL-8 at A (p = .027) and  
B (p = .16). 
CSF cortisol  
For cortisol, a significant increase was seen between A, B, and  
C (χ2 (2) = 28.08, p < .001), and pairwise post-hoc comparisons revealed the 
following changes from A (20.61 ± 6.73 nmol/L) to C (51.69 ± 22.24 
nmol/L; p < .001), and from B (22.05 ± 14.41 nmol/L) to  
C (p < .001) in the whole sample. Exclusion of those subjects who had 
abnormal CSF/serum albumin ratios did not markedly affect these results  
(χ2 (2) = 21.09, p < .001).  
No correlations between CSF/serum albumin ratios and CSF cortisol 
concentrations were detected at any of the assessment points. CSF cortisol 
showed a significant correlation with CSF IL-10 and IL-8 (rho = .42, 
p = .025 and rho = .39, p = .043, respectively) at B. Relative change in CSF 
cortisol from B to C correlated significantly with relative changes in CSF IL-
2 (rho = .40, p = .039). No other correlations between cortisol and the 
different cytokines were identified at any of the sampling points.  
Possible confounders  
Confounding by age, gender, and BMI were assessed by computing 
correlation analyses with serum and CSF cytokine concentrations and CSF 
cortisol concentrations at A, B, and C. Age showed a positive correlation 
with serum IL-10 at B (rho = .54, p = .001) and BMI was negatively 
correlated with the CSF concentration of IL-8 at baseline (rho = -.41, 
p = .034). Correlations were found between age and cortisol concentrations at 
A (rho = .49, p = .010) and C (rho = .66, p < .001), such that older age was 




6.4 Aim IV: Markers for astroglial and 
neuronal integrity in response to 
peripheral surgery 
CSF markers for neuronal and astroglial integrity 
For concentrations of the different markers, see Table 3. A significant 
increase in CSF T-tau concentrations during surgery (A to B, not significant, 
B to C, p = .039, A to C, p = .026) was noted. No significant changes in any 
of the other four biomarkers were seen.  
Table 3. CSF protein concentrations (mean ± SD (number of samples)) at A, 
B, and C. 
 A-samples B-samples C-samples ANOVA  
T-tau (ng/L) 368 ± 152 
(n = 28) 
375 ± 148  
(n = 27) 
A-B: n.s. 
404 ± 151 
(n = 28) 
B-C: p = .039 
A-C: p = .026 
F = 3.86 
 
p = .028 
(n = 26) 
P-tau (ng/L) 48 ± 22  
(n = 29) 
47 ± 22  
(n = 29) 
51 ± 20  
(n = 29) 
n.s  
(n = 29) 
NFL (ng/L) 366 ± 493 
(n = 28) 
354 ± 428  
(n = 27) 
360 ± 449  
(n = 28) 
n.s.  
(n = 26) 
Aβ42 
(ng/L) 
708 ± 184 
(n = 28) 
710 ± 182 
(n = 27) 
697 ± 207  
(n = 28) 
n.s.  
(n = 26) 
GFAp 
(ng/L) 
813 ± 416 
(n = 28) 
827 ± 427  
(n = 27) 
1164 ± 1535 
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Relationship between neuronal and astroglial integrity 
and BBB integrity  
A significant correlation was found both between CSF T-tau (B: rho = .46, 
p = .016 and C: rho = .49, p = .009) and P-tau (B: rho = .49, p = .023, and  
C: rho = .47, p = .012) and albumin CSF/serum ratio at B and C. In addition, 
T-tau correlated with βTP at A (rho = .47, p = .01) but not at B or C. 
Possible confounders  
To investigate the relationship between T-tau and possible confounders such 
as age, gender, diabetes, and amount of propofol administered, correlational 
analysis was carried out. No correlations with any of these factors were 
detected. A positive correlation was seen between level of CSF T-tau and 
total dose of bupivacaine administered (rho = .41, p = .034 and rho = .43, 




7 MAIN FINDINGS  
Personality traits and biomarkers 
 In this non-psychiatric sample, CSF HVA/5-HIAA ratios 
correlated negatively with Cooperativeness.  
 CSF IL-10 was correlated with Verbal Aggression 
(positively) and Inhibited Aggression (negatively), and CSF 
cortisol co-varied with Novelty Seeking. Negative 
correlations were found between serum IL-10, IFN-γ and 
Self-directedness.  
 SerumTP, as a marker of BBB dysfunction, correlated 
positively with Monotony Avoidance and Impulsivity.  
 No significant correlations were seen between aggressive 
and impulsive personality traits and CSF levels of insulin, 
thyroid hormones, markers for astroglial or neuronal 
integrity, or CSF/serum albumin ratios.  
Biomarkers during surgery 
 Insulin levels in the brain seemed to be regulated differently 
from the periphery during knee arthroplastic surgery.  
 Levels of CSF cytokines were markedly increased during 
and after peripheral surgery, as compared with peripheral 
cytokine levels.  
 A subgroup reacted with large increases in CSF cytokines 
during knee surgery. This group had higher CSF/serum 
albumin ratios than the rest of the subjects.  
 T-tau increased significantly during surgery. 
 
  









The main findings of this thesis pertain to two major areas: First, co-variation 
between aggressive and impulsive personality traits, CSF and serum 
biomarkers were identified in this non-psychiatric population. Second, levels 
of peripheral and central insulin, markers of inflammation, and neuronal and 
astroglial integrity displayed showed different patterns of change in response 
to peripheral surgery. This might be of use in future research, both regarding 
psychiatric and behavioural biomarkers and in studies on psychiatric and 
somatic complications to surgery.  
8.1 Personality traits and biomarkers 
Specifically, we found correlations between impulsive and aggressive 
personality traits and HVA/5-HIAA ratio, IL-10, cortisol, and TP, thus 
confirming some previous findings from studies on forensic psychiatric 
patients (69, 70). In contrast to our study group, forensic patients often 
display frequent heightened or outright pathological impulsive and/or 
aggressive behaviours, which are likely due to the underlying 
neuropathophysiology. In our normal population group, we cannot be 
expected to find connections between biomarkers and personality traits or 
behaviours as strong as those found in more extreme populations. However, 
the fact that some co-variations were also confirmed in our study makes a 
stronger case for these biomarkers actually reflecting specific 
pathophysiological mechanisms in the regulation of impulsivity and 
aggression. Previous studies have also established a connection between 
aggression, impulsivity, and the immune system, with different patterns of 
immune activation in instrumental and reactive aggression (29). However, the 
connection between IL-10 levels and personality traits has not been described 
previously.  
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Monoamine systems 
In the present study, we found that increased CSF HVA/5-HIAA ratio was 
inversely correlated with Cooperativeness (a character dimension measuring 
degree of empathy versus hostility). Increased ratios between the CSF 
concentrations of HVA over 5-HIAA have been found to correlate with 
psychopathic personality dimensions, mainly relating to behaviour, in two 
forensic psychiatric study groups (69, 70), and with measures of impulsive 
aggression in normal controls as well as in personality-disordered subjects 
(45). Our results thus point towards confirming a relationship between 
aggressive and impulsive personality traits and increased HVA/5-HIAA ratio, 
even in non-psychiatric patients.  
BBB integrity 
In this study, no correlations were seen between CSF/ serum albumin ratio 
and any of the personality traits studied. However, levels of TP in serum, 
which can be interpreted as signs of a damaged BBB, correlated with 
impulsive personality traits. Even though we found no correlations between 
CSF/serum albumin ratios and personality traits, these findings might be seen 
as pointing in the same direction as earlier findings, showing a connection 
between BBB dysfunction and impulsive behaviour. Increased CSF/serum 
albumin ratios have previously been found in forensic psychiatric groups of 
violent offenders (52, 69) in suicide attempters (67), and in individuals with 
psychosis (66). It should, however, be noted that TP is a protein with many 
functions, and has been associated with risk for several cardiovascular 
disorders (147). It has also been shown to play a proinflammatory role in the 
immune response (148). Thus, it might be possible that the connections seen 
here between levels of TP and impulsive personality traits are related to 
inflammation and not specifically to BBB dysfunction. 
Insulin 
No significant correlations were seen between aggressive or impulsive 
personality traits and CSF levels of insulin. Insulin has been found to play a 
number of different and important roles in the CNS, for example in cognition 
and regulation of feeding behaviour (93-95). Higher levels of CSF insulin 
have been shown in persons making a violent suicide attempt, than in persons 
making a less violent one (6). However, this connection between insulin, 
impulsivity and aggressive behaviour was not replicated regarding 
personality traits in our study in psychiatrically healthy persons. Apart from 
this study, research regarding behaviour, personality traits, and levels of CSF 




Thyroid hormone  
An association between increased serum thyroid activity and criminal 
recidivism, aggression, and psychopathic personality traits has been found in 
several studies (101, 102). In the present study, we were unable to replicate 
any findings regarding impulsive and aggressive personality traits and T3 or 
T4. This might be due to specific mechanisms in incarcerated individuals, 
such as the most violent being less prone to depressive reactions. 
Inflammation 
Correlations between aggressive and impulsive personality traits and levels of 
CSF inflammatory markers were observed, the strongest one between IL-10 
and Verbal Aggression. IL-10 functions mostly as an anti-inflammatory 
cytokine. In animal studies, it has been found to inhibit the depression-like 
behavioural effects of proinflammatory cytokines like IL-1, IFN-, and TNF 
(149, 150). No correlation between hostility and stimulated Th2 cytokine 
production (including serum IL-10) was seen in a study of a healthy sample 
of 193 men and women (151). As shown both in the present study and earlier 
research (152), serum levels of IL-10 do not necessarily correspond with CSF 
levels. Thus, the relevance of the correlations between serum IL-10 and 
behaviour remains uncertain. In all, IL-10 does not seem to have been 
extensively studied in connection with personality traits. However, it is 
gaining increasing interest in studies regarding depression, looking at its role 
linking disruption of the HPA axis with decreased cytokine production (152). 
Low Self-directedness (a character dimension reflecting resourcefulness 
versus helplessness) has been shown to be associated with inflammatory 
activation in earlier studies (41, 42), and our results might further elucidate 
that connection. 
Biomarkers for axonal and neuroglial integrity  
We did not find any significant correlations between biomarkers for axonal 
and neuroglial integrity and any of the studied personality traits. Tau levels 
have been associated with aggressive behaviour in Alzheimer patients (132), 
but we found no connections with aggressive personality traits in this group 
without dementia.  
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8.2 Change in biomarkers during surgical 
stress 
In earlier papers from this study, we have reported on changes in BBB 
permeability, CSF monoamine metabolites and thyroid hormones in response 
to peripheral surgery (137-139). In summary, CSF concentrations of both 
HVA and 5-HIAA increased substantially after surgery, but returned to their 
initial levels overnight, thyroid hormone levels seemed to be separately 
regulated in CSF and serum, and CSF/serum albumin ratio decreased 
significantly during the intervention. Besides looking at the connections 
between personality and different biomarkers described above, we wanted to 
further investigate the reactions of the CNS to a surgical intervention.  
Insulin 
Insulin concentrations in CSF were approximately 10% of those in serum at 
sampling A and B, and concentrations in CSF showed no significant change 
even as serum concentrations of insulin rose to 200% at C. The present study 
is one of the first to describe insulin changes in the CNS as compared to 
those in serum during a stressful event, such as orthopaedic surgery, in 
humans. The results, with small fluctuations in CSF insulin compared to very 
large changes in serum insulin, unrelated to the CSF/serum albumin ratio, 
indicate that the BBB is actively protecting the brain from large variations in 
this hormone. The weak correlations found between serum and CSF insulin 
are consistent with results seen in other studies (153). Our findings are in line 
with the data showing that insulin transport across the BBB is highly 
regulated (87-89), and that the brain is protected from peripheral fluctuations 
in insulin. Since insulin is increasingly recognized as an important player in 
cognition (90), (although its possible role in postoperative delirium remains 
unclear (154)), studying the way it is affected by different forms of stress is 
important.  
Cytokines 
Cytokine levels were found to increase substantially more in CSF than in 
serum, in response to peripheral surgery. This might reflect a quicker 
turnover of inflammatory markers peripherally, or, more probably, is a sign 
of the fact that inflammatory reactions in the brain are regulated separately 
from those in the periphery (155). The length of the observed reaction in the 
CSF, which lasted at least until the morning following surgery, may be a 
reflection of the relatively high age of the study population, as older 




The fact that ten of the individuals had a much higher increase in central 
cytokines might indicate that some persons are prone to a stronger central 
inflammatory reaction, which might be a sign of greater vulnerability to 
complications such as postoperative delirium, cognitive decline, and 
depression. Increased levels of CSF IL-8 in hip fracture patients have been 
found to have a relationship with the development of delirium (125). On the 
contrary, previously published data from the present study show decreased 
CSF albumin concentrations and thus lower CSF/serum albumin ratios, 
indicating decreased permeability of the BBB for macromolecules during 
surgery (137). Interestingly, the same individuals who had a larger CSF 
cytokine increase also had CSF/serum albumin ratios in the top part of the 
variance indicating a “leakier” BBB which might indicate that the reduced 
permeability seen in most patients is really part of the normal reaction to 
stress (an “oyster effect” protecting the CNS). None of the subjects in this 
study were reported to have any postoperative complications, although no 
formal neuropsychiatric testing or follow-up was done. However, it might be 
possible that the increased CSF/serum albumin ratios and stronger immune 
activation are both signs of an increased vulnerability to post-surgical 
complications. 
Cortisol 
Cortisol levels increased significantly during surgery. However, it cannot be 
excluded that the increase seen reflects the normal diurnal variation rather 
than a direct effect of the surgery, although cortisol diurnal variations may be 
influenced by stress (157, 158). As there was no non-surgical control group, 
the reason for the changes seen cannot be determined with certainty. Serum 
levels of cortisol are known to reflect a pulsatile secretion and were therefore 
considered to be too unreliable to merit inclusion in the study.  
Biomarkers for axonal and neuroglial integrity 
Some signs implicated impaired cortical axonal integrity, as shown as a 
significant increase in biomarkers for Alzheimer’s pathology (T-tau). 
However, it should be noted that tau is also released from neurons in the 
absence of damage, possibly reflecting physiological neuronal plasticity 
and/or function, which in turn could be influenced by stress, anaesthesia, 
and/or surgical trauma (159), something which limits the interpretation of 
these results. In a recent report, Tang and co-workers (2011) showed that T-
tau and P-tau increased progressively in CSF after surgery for idiopathic 
nasal CSF leak correction (119). However, the study sample was small 
(n = 11) and the surgical procedures must have involved manipulation of the 
meninges and thus, to some extent, the neural tissue. Our aim was to replicate 
this study in a population undergoing peripheral surgery. We were able to 
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partly replicate the findings by Tang and co-workers (2011), and our findings 
might be reflecting more of a real CNS reaction to peripheral trauma. 
Accumulating evidence suggests that surgery and anaesthesia may have 
harmful effects on the brain, inducing neurodegeneration and Alzheimer-like 
changes (160). Geriatric patients are particularly vulnerable. The risk of 
postoperative delirium increases with age, and cognitive decline is reported to 
occur in about a quarter of cases, following surgery in elderly persons (160-
162).  
8.3 Limitations  
There are important limitations. This exploratory, naturalistic study reflects a 
true clinical sample (although subjects with psychiatric or neurological illness 
were excluded). Thus, the data represent a real clinical variation. However, 
the nature of the study limits any interpretation of causality of the findings. 
One important limiting factor is that the study did not include a non-surgical, 
age- and sex-matched control group, and thus confounding across the 
majority or all subjects from, for example, the surgical procedure, potential 
chronic pain and anesthesia on biomarkers, cannot be discounted. Another 
limitation is the sample size. 
Statistical limitations  
The study sample was small, leading to difficulties in obtaining sufficient 
power for multiple comparisons. We addressed this problem by setting the 
significance level lower (p < .01) when computing correlations regarding 
personality traits. Neither personality and character dimensions nor the 
different markers can be said to be independent of each other, and thus 
Bonferroni correction, or similar, would be too conservative, yielding a high 
risk of false negatives. In paper I, a total of 24 comparisons were made, 
resulting in a risk of 0.24 false positive outcomes. In paper II, a total of 117 
comparisons were made between twelve personality scales and seven 
biomarkers, resulting in a risk of 1.17 false positive findings. The correlations 
between biomarkers and personality traits were strong with rho’s > .50 and 
significant at the p < .01 level. However, due to the larger number of 
comparisons between personality traits and biomarkers, these findings would 
not survive Bonferroni corrections. In addition, the correlations described in 
papers I and II should merely be regarded descriptive as binominal 
correlations indicate a systematic dependence between two variables without 
disclosing anything about their causal relationship.  
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Variation in insulin and inflammatory markers during surgery was marked 
and survived Bonferroni correction. This was in part due to a low number of 
comparisons to be corrected for. (three). Of note is that the concentrations of 
IL- 4, 5, and 13 were at the lower detection level of the analysis kit and may 
not reflect the true concentration. Consequently, this may have influenced the 
variation and statistical analysis. In addition, fluctuations in T-tau were 
moderate and did not survive Bonferroni correction, although pairwise 
comparisons between A and C, and B and C identified significant differences 
at the p < .05 level.  
Possible confounders 
The subjects were elderly and heterogeneous regarding long-term use of 
medications and concomitant medical disorders. It should be noted that levels 
of several inflammatory markers increase with age (163, 164). Nineteen of 
the patients were overweight, with a BMI over 25, a condition characterized 
by increased inflammatory activation (165). Seven of the patients had 
diabetes mellitus, also known to affect levels of different inflammatory 
markers (166). We cannot rule out that propofol, bupivacaine or other 
medications might have had effects on neuroendocrine or inflammatory 
responses (167-172).  
Procedures 
We were unable to have continuous CSF samplings. Thus, we chose to 
collect samples three hours after termination of surgery to be able to pinpoint 
chemical reactions during the operation (considering absorption time for CSF 
(173)) and in the morning after surgery to assess the continued 
neurobiological activity during the night. It was not regarded as feasible to 
continue sampling for a longer period, as the patients no longer had any need 
for intrathecal catheters. We also cannot rule out an effect of the catheter or 
lumbar puncture; this, however, would be a problem in all studies of CSF, 
and it would be unlikely given the magnitude of changes. Yeager et al. (1999) 
found that when comparing a group of patients who had spinal anaesthesia to 
those who had general anaesthesia, inflammation, as measured in CSF levels 
of IL-6, was more marked in the spinal anaesthesia group (116). Studies of 
animals have shown that prolonged catheterization may lead to changes in the 
spinal cord cytokine environment (174). As the catheter was made from an 
inert material, and all lumbar punctures were performed by an experienced 
anaesthesiologist, we hypothesize that the inflammatory changes caused by 
this procedure would be minimal, although we cannot rule them out. Also, 
the stress of lumbar puncture has been shown to influence levels of 
monoamine metabolites, though not the HVA/5-HIAA ratio (175). Another 
limitation common to all research on CSF is that it is not possible to fully 
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evaluate the relationship between the concentration at the site of synthesis in 
the brain and the lumbar area where the samples are drawn (176). For serum 
samples, one limitation is that no baseline samples were drawn before the 
start of the anaesthesiological procedure.  
Pain  
The main reason to perform knee arthroplasty is pain, something that affected 
all of the patients to a varying degree. This pain in itself may have influenced 
the degree of inflammatory activation in the subjects (3). Measures of 
subjective pain were not assessed in the present investigation.  
Inflammatory markers  
IL-6 is a proinflammatory cytokine, which has been extensively studied as a 
marker for inflammatory activation in recent years, especially in connection 
with psychiatric disorders and cognition; for example, IL-6 has been shown 
to be significantly higher in CSF from suicide attempters than from healthy 
controls, and also to be elevated in Alzheimer’s disease (177, 178). Due to 
limitations of the analysis kit, which was chosen for its suitability for CSF 
analysis, this cytokine was not included in our study.  
Another important limitation is that several of the cytokines had median 
concentrations at the lower detection levels of the assays used, indicating that 
the laboratory assays truncated the true variation considerably. It can 
therefore not be ruled out that these cytokines may have fluctuated in 
response to the surgical intervention, as their true concentration levels may 
not have been detected in this study.  
Insulin  
With regard to the post operative insulin changes, it cannot be ruled out that 
these were caused by the catabolic insulin resistance resulting from a long 
fasting period (179). Even though patients had intravenous glucose infusions, 
food intake may have stimulated insulin secretion by neural reflexes in 
addition to the regulation in response to serum glucose levels. We found no 
correlations between insulin concentrations and glucose administered in this 
study.  
TP  
The measurement of βTP holds some promise for future neuropsychiatric 
research, as it is an interesting potential marker for BBB leakage into blood; 
in that case, kidney function should be carefully examined before any 
conclusions are drawn, as βTP is known to be elevated in kidney failure 
(146). One advantage of assessing BBB integrity by the measurement of 
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serum βTP is that there is no need to draw CSF. More likely, however, is that 
further studies regarding the connections between βTP, cardiovascular risk, 
inflammation, sleep and personality factors might yield interesting results.  
  





9 CONCLUSIONS, FUTURE 
PERSPECTIVES, AND CLINICAL 
IMPLICATIONS  
In summary, correlations between CSF HVA/5-HIAA ratio, CSF IL-10 and 
cortisol, serum IL-10 and IFN-, and aggressive and impulsive personality 
traits were found in this non-psychiatric study group. However, we were 
unable to replicate some of the other findings in violent offenders of 
correlations between impulsive and aggressive behaviour, CSF levels of 5-
HT and DA metabolites, and damaged BBB integrity, as indicated through 
increased CSF/serum albumin ratio (58-60, 70). This should come as no 
surprise, as it is becoming increasingly clear that biomarkers like the CSF 
HVA/5-HIAA ratio may be extremely aberrant in some individuals 
displaying very unusual and violent behaviour, while having limited 
predictive value on a group level. Nevertheless, the fact that some of the 
previously established relationships were replicated in this non-psychiatric 
sample, suggests that there may be common neurochemical pathways that 
modulate aggression and impulsivity (or protective factors). While different 
biomarkers might be more indicative of recent behaviour than of a certain 
trait underlying propensity to that behaviour, these findings do indicate that 
there may be a certain degree of overlap between disordered and non-
disordered populations.  
In addition, we found aggressive and impulsive personality traits to be 
connected with inflammatory activation in the brain and in the periphery. The 
correlation seen between CSF IL-10 and Verbal Aggression is strong, and has 
not been described before. Correlations between inflammatory activation and 
personality have, however, been reported in other healthy populations (41). It 
seems increasingly likely that such a connection exists both in healthy 
individuals and persons displaying aggressive and impulsive behaviour, and 
this would be worthy of further study. One possibility may be to further 
investigate different gene variants coding for inflammatory markers in such 
populations. Another approach in the future might be to do a placebo-
controlled, double-blinded, treatment trial, investigating the effects of anti-
inflammatory treatments on impulsivity and aggression in patient 
populations.  
The results of this study also indicate that, during non-neurological surgery, 
the BBB protects the brain from large hormonal variations in the periphery. 
Results from the present study also suggest that the immune reactions in the 
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brain during and after the intervention are regulated separately from those in 
the periphery. Changes in inflammatory markers in the brain were found to 
be of a larger magnitude than those in serum. A subgroup with a larger CSF 
cytokine increase also had heightened BBB macromolecular permeability. 
Inflammatory activation in the CNS has been linked to postoperative 
cognitive decline, delirium, and depression (125, 160, 161). Our results might 
aid in future studies identifying individuals at risk for such complications. In 
accordance with Tang et al (119), we also found a modest, but significant 
increase in a biomarker for Alzheimer’s pathology following surgery. The 
relevance of such changes for post-operative neurological status is important 
to pursue, especially as the population keeps getting older and surgeries of 
this kind will become even more frequent. Along the same lines, it would be 
interesting to look at long-term effects of peripheral surgery on neurological 
and psychiatric functioning.  In all, these results further show that reactions to 
surgical stress are regulated differently in the brain than in the periphery.  
It has become increasingly clear that personality traits play a role in 
vulnerability to psychological trauma, and also to cardiovascular disease, in a 
way that is possibly connected with inflammation (180, 181). Our findings 
may help in planning future research elucidating these connections. 
The present study has no control group and should be regarded as descriptive. 
Specific relationships between the different biomarkers and personality 
dimensions described herein would need to be formally tested in case-
controlled and experimental clinical studies. 
Clinical implications  
The possible connections between a high CSF cytokine response and a 
disrupted BBB are worthy of further exploration. Individuals with a 
heightened vulnerability to trauma, and an increased risk of post-surgical 
complications, might be identified before surgery. Our results may aid in 
finding methods of identification, and also in the development of possible 
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